The pollution of tap water and rain water with formaldehyde in Toyama Pref., Japan was investigated by means of a simple, rapid and cost-effective visual colorimetry developed by us.
INTRODUCTION
Formaldehyde is a dominant aldehyde and a hazardous pollutant in atmosphere. It is one of the materials causing sick-house syndrome and proved to be a carcinogen to humans. Because of high toxicity of formaldehyde, the pollution of atmosphere and indoor air with it has been a serious problem. Significant sources of formaldehyde in atmosphere are automobile exhaust gas, industrial emission, building material and furniture, natural emission and photochemical reaction of hydrocarbons with atmospheric oxidants. Currently formaldehyde in water is also in focus. In addition, we are frequently exposed to rain water and risked directly inhalation of formaldehyde vaporized from rain water. Few detail researches for formaldehyde in rain water, however, were reported (Adachi & Kobayashi 1996; Kieber et al. 1999; Economou & Mihalopoulos 2002; Polkowska et al. 2006) .
A lot of analytical methods for the determination of formaldehyde in water sample have been reported. Gas chromatography with electron capture or N-P detector, gas chromatography-mass spectrometry (GC-MS) and high performance liquid chromatography (HPLC) are used after derivatization and subsequent extraction to organic solvent or solid-phase (Takami et al. 1985; Kieber & Mopper 1990 (Li et al. 2007; Motyka et al. 2007 ), but they required purpose-built equipments.
In our previous work, a simple, rapid and cost-effective visual colorimetry for the determination of formaldehyde in water was proposed, and the method was applied to tap water (Taguchi et al. 2006) . In that work, 3-methyl-2-benzothiazolinone hydrazone (MBTH) (Sawicki et al. 1961 ) was adopted as the reagent to converse a formaldehyde into a dye, and the dye was retained on a membrane filter as a solid-phase extraction media. Visial colorimetries using membrane filter were proposed for the determination of phosphate (Shida & Takahashi 1991) and protein (Yoshimoto et al. 2000; Hashimoto et al. 2005) .
A schematic diagram of the colorimetry is shown in In the present work, the pollution of tap water and rain water with formaldehyde was investigated by using the proposed visual colorimetry. Prior to that investigation, some optimum conditions for the application of the colorimetry to rain water sample were studied.
METHODS

Sampling of tap water and rain water
Tap water samples were taken directly in polypropylene bottles. Three tap waters with different sources were collected. They were two tap waters supplied to general household through a drinking water treatment plant with sources from dams on the mountainsides in Toyama Pref., and a well-water pumped in the campus of University of Toyama.
Rain water samples were collected in stainless steel 
RESULTS AND DISCUSSION
Optimum conditions for the determination of formaldehyde in rain water
In order to apply the colorimetry to rain water, the effects of pH, temperature and other aldehydes suspected to be present in rain water were investigated. The levels of formaldehyde in the three tap waters were lower than 0.01 mg L 21 that was the detection limit of present method. The levels were much lower than tap water quality standard in Japan, 0.08 mg L 21 , and drinking water quality guideline by WHO 0.90 mg L 21 .
Formaldehyde in rain water
Formaldehyde in rain waters and snow were determined at four different sites in Toyama Pref. and Nagano Pref., Reliability of the proposed visual colorimetry The proposed colorimetry was successfully applied to the determination of formaldehyde in tap water and rain water without any analytical instrument and time-consuming procedure, and with reliable analytical results. Therefore, it was confirmed that the colorimetry is practically useful for the determination of formaldehyde in tap water and rain water.
CONCLUSION
The pollution of tap water and rain water with formaldehyde was investigated using a novel visual colorimetry based on the solid-phase extraction to a membrane filter.
Formaldehyde was not detected in tap waters investigated.
On the other hand, rain waters were seriously polluted with formaldehyde. It must be concerned about the pollution of rainwater with formaldehyde.
The proposed colorimetry is excellent for practical determination of formaldehyde in tap water and rain water, because of simple and rapid procedure, and reliable results. Moreover, it is sure that this method will be helpful to judge a water quality before precise instrumental analysis.
Therefore, this method has a potential as prevailing tool for the research of water pollution with formaldehyde. And this method will be advanced to the visible spectroscopy for more accurate analysis.
